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157) ABSTRACT

A general scanning-period converting device 1s
equipped with two frame memories (first and second
frames), and a video signal is written in any one of the
frame memories (e.g., first memory) at a scanning per-
iod thereof while the video signal is repetitively read
out from the other frame memory (e.g., second mem-
ory) in accordance with a synchronizing signal having a
desired (target) shorter scanning period. When the
write-in operation of the first frame memory is finished,
the first frame memory is switched so as to carry out a
read-out operation from an address thereof correspond-
ing to a read-out address of the second frame memory at
the finishing time of the write-in operation thereof, and
the second frame memory which has carried out the
read-out operation is switched so as to carry out the
write-in operation.

1 Claim, 6 Drawing Sheets

"READ—-QUT" START

READ

b

- ey ey s e

e ——

b ———
“WRITE—IN" FOR ONE FRAME °“READ-OUT" FOR ONE

FRAME 1S COMPLETED
READ

——yii.

READ OUT SAME FRAME
AGAIN UNTIL *WRITE—IN" AT
LEFT SIDE IS FINISHED

WRITE

St

OR
WRITE




U.S. Patent May 3, 1994 Sheet 1 of 6 5,309,233

FIG. |

4-1 -1

FIG.Z2

4-1
3-

3-3



5,309,233

Sheet 2 of 6

May 3, 1994

U.S. Patent

() 1NdLN0 O3diA O O
12 -~ Q3143ANOD >
L =% L& &bs
| A 10 A NZ N2 So=Z
ANOD V /0 3 N3 O QG
. ¥aay > |
Viva 0¢

MS] 7/
M

(QV3Y)
NER

daay ——mmm_moeq

-_— 3Ni '
MS

JNVYS Pl

:

TOHLNOD
J00N

HOWIN Ol

Viva
(FL14M)

N39
$S34aayv
100

AHOW N 1M 1N30I
- =NE L NIA3 .
s s3daavl_ |
TN L B Ly BT o
m— MS wmmmoﬁ_( AM— |
c°9l4d



U.S. Patent May 3, 1994 Sheet 3 of 6 5,309,233

FI|G.4
FRAME FRAME
WRITE READ

- -

l "WRITE—IN" START “READ—-OUT" START

READ

“WRITE—IN® FOR ONE FRAME *READ—-OUT" FOR ONE

HAS NOT YET FRAME 1S COMPLETED
BEEN COMPLETED
WRITE READ

M
#
!
MI
ﬂ

_..———l*

AGAIN UNTIL “WRITE—IN" AT

i CONTINUE *WRITE—IN" READ OUT SAME FRAME

TO THE END LEFT SIDE IS FINISHED
READ WRITE
READ WRITE

OR

.
._.......——--—-—- .



U.S. Patent May 3, 1994 Sheet 4 of 6 5,309,233

-1 -2

VIDEOQ SIGNAL
DISTRIBUTOR

oA,
Q
2@
-- 6-1




U.S. Patent May 3, 1994 Sheet 5 of 6 5,309,233

FIG.6

DISPLAY

MUL T
SCAN TYPE ]|

COMPUTER 4
3-4



U.S. Patent

May 3, 1994 Sheet 6 of 6

FIG./

FULL SCREEN

MOVING PICTURE

FIG.8

SCENE 25
TAKE 3

MOVING
PICTURE

CHARACTER
AREA OF

THE COMPUTER

ME COUNT po/oo

ERTION 00 DO

FUNCTION
1 [ 1 3

5,309,233

VIDEQ
SIGNAL

SYNC
SIGNAL
FROM
COMPUTER

VIDEG SIGNAL



5,309,233

1

APPARATUS FOR CONVERTING THE SCANNING
PERIOD OF A VIDEO SIGNAL TO A PERIOD NOT
NECESSARILY AN INTEGER TIMES THE
ORIGINAL PERIOD

BACKGROUND OF THE INVENTION

I. Field of the Invention

This invention relates to a general scanning-period
converting device for converting a scanning period
(frequency) of a video signal to another scanning per-
10d.

2. Description of Related Art

Conventionally, conversion processing of an original
video signal to a video signal having a scanning fre-
quency which is integer times as high as the scanning
frequency of the original video signal, such as mode
conversion processing between different television sys-
tems and image signal conversion processing for multi-
image display, etc., has been easily performed even
between different types of video signals. Such scanning-
period (frequency) conversion processing has been also
recently required to convert an original video signal to
a video signal having a scanning period which 1s not
necessarily integer times of that of the original video
signal, for example in a case where an output character
video signal of a computer is composed with a video
signal and then the composite video signal 1s displayed
on an exclusive display for the computer. The following
two cases are considered as example of the above case.
In one case, a video signal of a video source 1s com-
posed with an output of each of various different kinds
of computers, and each composite signal is displayed on
an exclusive display for the corresponding computer. In
the other case, a video signal of a video source 1s com-
posed with an output of any one of various different
kinds of computers, and the composite signal 1s selec-
tively displayed on a multi-scan type of display.

In the above cases, in order to treat the original video
signal at the same frequency as a currently-connected
computer at all times, a different type of scanning-
period converter is required in accordance with varia-
tion of the video scanning-period of the computer (that
is, in accordance with a switching operation for connec-
tion with each computer). This requirement 1s Inconve-
nient and causes the device cost to be high.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
general scanning-period converting device capable of

treating video signals having different video scanning
periods with only one converter.

According to the general scanning-period converting
device of this invention, two frame memories (first and
second frames) are provided, and a video signal 1s writ-
ten in any one of the frame memories (e.g., first mem-
ory) at a scanning period thereof while the video signal
is repetitively read out from the other frame memory
(e.g., second memory) in accordance with a synchroniz-
ing signal having a desired (target) shorter scanning
period. When the write-in operation of the first frame
memory is finished, the first frame memory is switched
so as to carry out a read-out operation from an address
thereof corresponding to a read-out address of the sec-
ond frame memory at the finishing time of the write-in
operation thereof, and the second frame memory which
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has carried out the read-out operation is switched so as
to carry out the write-in operation.

According to this invention, during the write-in oper-
ation of one-frame data into the first frame memory, the
read-out operation is repetitively carried out for the
second frame memory. Upon completion of the write-in
operation of the first frame memory, even when the
read-out operation of the second frame memory is

halfway (i.e., has not yet been completed), the read-out
operation of the first frame memory for next frame 1s
started from an address of the second frame memory at
the time when the write-in operation of the first frame
memory is finished. Therefore, the conversion to a
video signal having a scanning period which 1s not
integer times of that of an original video signal can be
performed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a display system in
which a general scanning-period converting device
according to this invention is used;

FIG. 2 is a perspective view of another display sys-
tem in which the general scanning-period converting
device according to this invention 1s used;

FIG. 3 is a block diagram showing an embodiment of
the scanning-period converting device according to this
invention;

FIG. 4 is a schematic view showing the principle of
the scanning-period conversion of this invention;

FIG. 5 is a schematic view of a system in which the
general scanning-period converting device of this in-
vention is applied as a separate equipment;

FIG. 6 is a schematic view of another system In
which the general scanning-period converting device of
this invention is applied as a separate equipment;

FIG. 7 shows a display example of an image on a
display frame; and

FIG. 8 shows another display example of the image
on the display frame.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Preferred embodiments according to this invention
will be described with reference to the accompanying
drawings.

FIGS. 1 and 2 are perspective views of display sys-
tems in which a general scanning-period converting
device according to this invention is used, and these
display systems serve as a system for converting an
ordinary video signal to a video signal which 1s matched
with video signals having different scanning frequen-
cies, which are output from various kinds of informa-

tion processing equipments. In FIGS. 1 and 2, a refer-
ence numeral 1—1 represents a display device, a refer-

ence numeral 2-1 represents a scannming-period convert-
ing device of this invention, reference numerals 3-1 to
3—3 represent different kinds of computers, a reference
numeral 4-1 represents a video source, and a reference
numeral 5-1 represents a signal switcher.

FIG. 1 shows the system for compositely displaying a
video signal on each of exclusive display devices for
various kinds of computers, and FIG. 2 shows the sys-
tem for compositely displaying a video signal on a mul-
ti-scan type display device for plural computers. These
systems are effectively used particularly to insert a
video signal onto a character frame of a computer or to
generate a video signal which is matched with a syn-
chronizing signal of a computer or the like.



5,309,233

3

FIG. 3 is a block diagram showing an embodiment of
the general scanning-period converting device accord-
ing to this invention, and shows the construction of a
converter for a video signal of any one of three channels
for R, G and B. In FIG. 3, a reference numeral 1 repre-
sents a video signal input terminal, reference numerals 2
and 3 represent external horizontal and vertical syn-
chronizing signal input terminals respectively, a refer-
ence numeral represents an A/D converter, a reference
numeral § represents a synchronization separating cCir-
cuit, a reference numeral 6 represents a PLL oscillator
for generating a horizontal synchronizing signal, a ref-
erence numeral 7 represents a PLL oscillator for gener-
ating a read-out clock, a reference numeral 8 represents
a read-out dot address generator, a reference numeral
11 represents an even/odd field identification circuit, a
reference numeral 12 represents a write-in dot address
generator, a reference numeral 13 represents a write-in
line address generator, a reference numeral 14 repre-
sents a frame switch, a reference numeral 15 represents
a memory mode control circuit, a reference numeral 16
represents an address switch, reference numerals 17 and
18 represent frame memories, a reference numeral 19
represents a data switch, a reference numeral 20 repre-
sents a D/A converter, and a reference numeral 21
represents an output terminal.

The operation of the general scanning-period con-
verting device of this embodiment will be hereunder
described.

The write-in operation will be first described.

A video signal whose scanning period 1s required to
be converted is input to the input terminal 1, and syn-
chronizing signals which are matched with a timing of
a desired scanning period after the conversion are mput
to the external input terminals 2 and 3. The input video
signal is supplied to the frame memories 17 and 18, and
a part of the video signal is supplied to the synchroniza-
tion separating circuit 5. A horizontal synchronizing
signal separated in the synchronizing separation circuit
§ is input to the PLL oscillator 6 to generate a timely-
stable horizontal pulse having no notse and no jitter. In
addition, a vertical synchronizing signal separated in
the synchronizing separation circuit § 1s also input to
the even/odd field identification circuit 11 to make an
even/odd field identification and to generate a write-in
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address so that picture elements on each line in even and

odd fields are stored in an accurate arrangement Into the
frame memories 17 and 18.

The horizontal pulse is also applied to the PLL oscil-
lator 10 for generating the write-in clock to generate a
dot-address generating clock in a horizontal direction,
whereby the phase of the dots in the horizontal direc-
tion to the horizontal synchronizing signal i1s matched
over all horizontal lines. The write-in dot address gen-
erator 12 generates dot addresses in each line in accor-
dance with the clock of the PLL oscillator 10, and the
write-in line address generator 13 receives the identifi-
cation output from the even/odd field identification
circuit 11 to generate a line address in one frame every
horizontal pulse. At the same time, the clock from the
PLL oscillator 10 is applied to the A/D converter 4 for
the input video signal, so that the write-in dot and the
digitalized picture-element signal are synchronized with
each other.

Next, the read-out operation of the general scanning-
period converting device will be described.

The device is so designed that the read-out operation
is started from the frame memory in which no write-in
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operation is carried out, and the read-out operation 1s
carried out so as to successively read out lines and dots
of a frame from the head thereof. The number of picture
elements on a horizontal line, that is, a dot number 1s
dependent on the write-in operation. However, the
scanning frequency in the read-out operation 1s set to be
higher than that in the write-in operation, that is, 1t s set
so as to be up-converted. Therefore, the read-out clock
frequency is heightened.

The external horizontal synchronizing signal mput to
the external input terminal 2 is applied to the PLL oscil-
lator 7 for generating the read-out clock to supply the
read-out dot address generator 8 with a clock which 1s
generated in the same division ratio as the PLL oscilla-
tor 10 for generating the write-in clock. The external
horizontal synchronizing signal is applied to the read-
out line address generator 9 together with the vertical
synchronizing signal input to the external input terminal
3 to generate an address for each horizontal line. In this
embodiment, the read-out operation is carried out in a
non-interlace mode, and thus the even/odd fields are
not discriminated from each other. The clock of the
PLL oscillator 7 is applied to the D/A converter 20 as
well as the dot address generator 8, whereby the data of
the frame memory at the read-out time is converted to
analog signals.

The digital data which is read out from the frame
memory is passed through the data switch 19 and sup-
plied to the D/A converter 20 whose conversion period
is determined by the same clock as the read-out clock to
convert the digital data to the analog signals. The ana-
log signals after the conversion are output to the output
terminal 21 as a video signal after the scanning period 1s
converted.

The write-in and read-out operations of the frame
memory will be hereunder described.

Each of the frame memories 17 and 18 alternately
carries out the write-in and read-out operations repeti-
tively. The state as shown in FIG. 3 shows that the
frame memory 17 carries out “write-in operation” while
the frame memory 18 carries out *‘read-out operation”.
The switching operation between the write-in and read-
out operations is carried out while the frame switch 14
monitors the write-in address, and it is carried out at the
time when the write-in operation is finished. Therefore,
the switching operation is carried out in a write-in pri-
ority mode. That is, on the basis of the output of the
frame memory switch 14 in accordance with the end of
the write-in address, the memory mode control circuit
15 is driven to switch the mode of each frame memory,
then the address switch 16 is changed-over to switch an
address to be supplied to each frame memory in accor-
dance with the switching of the mode, and then the data
switch 19 is switched to synchronously read out the
outputs of the frame memories which are alternately
read out.

According to the above construction, the video sig-
nal input to the input terminal 1 is converted to a video
signal having a desired or target scanning period, and
the principle of this conversion operation will be de-
scribed in detail with reference to FIG. 4.

It is assumed that the frame memory 17 is in “write-
in”’ mode and the frame memory 18 1s 1n “read-out”
mode. The “write-in”’ is carried out with the input video
signal and the “‘read-out” is carried out with a synchro-
nizing signal having a shorter scanning period from a
computer or the like.
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At a step (1), the “write-in” of the memory 17 and the
“read-out” of the memory 18 are started. At a step (2),
the “read-out” of the memory 18 for one frame 1s fin-
ished, but the “write-in” of the memory 17 has not yet
been finished. At a step (3), the “write-in” of the mem-
ory 17 is continued to the end because it is carried out in
the write-in priority mode, and in the memory 18 the
“read-out” is carried out again for the same frame until
the “write-in” of the memory 17 is finished.

At a step (4), the memory mode is changed over, and
the change-over of the memory mode is carried out by
the following two methods.

(1) At the time when the “write-in” of the memory 17
at the step (3) is finished, it is altered to the “write-in” of
the memory 18. At this time, the “read-out” of the mem-
ory 17 is started from an address just subsequent to a dot
address at which the “read-out” of the memory 18 is
ceased.

(2) At the time when the “write-in” of the memory 17
at the step (3) is finished, the “read-out” is continued for
a line for which the “read-out” of the memory 18 1s
being carried out, and the “write-in” of the memory 18
is started after the “‘read-out” of the memory 18 for the
line is finished. At this time, the ‘“read-out” of the mem-
ory 17 is started from a line just subsequent to the line
for which the “read-out” of the memory 18 is finished.

Through the repetitive operation as described above,
the conversion to the desired or target scanning period
can be performed.

Here, as described in (1) of the step (4), if the switch-
ing timing of the read-out frame is set in the middle of a
line, there would occur a case where a switch noise
appears in an output video signal. Therefore, as de-
scribed in (2) of the step (4), the switching operation is
carried out at the time when the “read-out” line 1s fin-
ished, that is, during a horizontal flyback period,
thereby preventing the switch noise to appear in the
video signal.

According to the conversion principle as described
above, the conversion in the number of scanning lines
can be carried out only between the numbers of scan-
ning lines which have integer-times relationship there-
between. Therefore, when the numbers of scanning
lines in a vertical scanning period are not in an integer-
times relationship, a head value and an end value of the
read-out address may be set to make them the integer-
times relationship. In this case, a part of an original
video frame is hidden, however, by making the read-out
address programmable, a read-out part of the original
video frame is set to be variable to thereby avoid the
above inconvenience.

Further, in the above conversion operation, if the
“write-in” operation is stopped, the “read-out” opera-
tion at the frame memory side which carries out the
“read-out” is continued to enable a picture to be frozen.

FIGS. 5 and 6 are schematic views of systems 1n
which the general scanning-period converting device of
this invention is applied as a separate equipment.

In the system as shown in FIG. 5, a video signal from
a video source 4-1 is divided into plural signals by a
video signal distributor 6-1, and each of the signals 1s
composited with each output of plural different kinds of
computers 3-1, 3-2, . . . using the general scanning-
period converting devices 2-1, 2—2, . . . to thereby
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6
display each composite signal on each of display de-
vices 1—1, 1-2, . . . for each computer.

In the system as shown in FIG. 6, a video signal of a
video source 4-1 is composited with any one of outputs
of plural different kinds of computers 3-1, 3-2, 3—3, 3-4,
. . . which is selected by a signal switcher 5-1 using the
general scanning-period converting device 2-1, thereby
selectively displaying each composite signal on a multi-
channel scan type of display 1-—1.

FIGS. 7 and 8 show exampies of display images on a
display frame in the above systems, and it 1s easily car-
ried out to selectively display any one of video mmages
on a computer display through a switching operation or
display a video image on a display while inserted into a
frame.

With the above construction, “‘picture-in-picture”
display and “cut-out frame” display can be performed,
and thus the general scanning-period converting device
according to this invention is applicable to a multi-
media system In various modes.

According to the general scanning-period converting
device of this invention, not only an original video
signal is converted to a video signal having scanning
frequency which is integer times of that of the original
video signal, but also the original video signal can be
converted to a video signal having any higher scanning
frequency than that of the original video signal, and
using a single converter, the scanning period of the
original video signal can be matched with that of each
of equipments in which various video signals having
different scanning frequency are treated.

What 1s claimed 1s:

1. Apparatus for converting the scannng period of
video signal, comprising:

two frame buffer means each for storing a frame of

video data;

write-in means for executing a write-in operation

including receiving a video signal having a first
scanning period and generating a write-1n address
in accordance with the first scanning period to
write a frame of video data from the video signal
into one of said frame buffer means;

read-out means for executing a repetitive read-out

operation on a frame-by-frame basis mncluding re-
ceiving a synchronizing signal having a second
scanning period shorter than the first scanning
period and generating a read-out address in accor-
dance with the second scanning period to repeti-
tively read out the video data from the other of said
frame buffer means; and

control means for controlling the operations of said

read-out means and said write-in means so that
when the write-in operation of said write-in means
writing data to the one of said frame buffer means
is finished, the read-out operation of said read-out
means reading data from the other of said frame
buffer means is also terminated, and subsequently
the read-out operation of said read-out means to
read data from the one of said frame buffer means
is started from an address corresponding to a read-
out address of the other of said frame buffer means
at the finishing time of the write-in operation of the
one of the said frame buffer means while the write-
in operation of said write-in means to write data to

the other of said frame buffer means is started.
¥ x ¥ * i
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